Abstract: Climate change has mixed impacts on agriculture that differ among the areas, periods and crops. The changing factors of climate, especially rainfall and temperature, have been causing very strong negative impacts on Malaysian agriculture. Projection shows that the gap between current and potential yields will increase more in future that would lead to an unsustainable nature of agriculture in Malaysia. Based on the time series linear and log linear OLS regression model, this paper discusses the impacts of rainfall and temperature on the paddy sector by using the micro data of IADA at North West Selangor, Malaysia from 1992 to 2007. This study found that the output of micro data varies with the aggregate data and concludes that both temperature and rainfall have significant negative impacts on paddy production. It also provides policy recommendations and action plans to adapt and to cope properly with the changing nature of climate factors.
INTRODUCTION
Agriculture is primarily and heavily dependent on climate. The climatic factors-rainfall, sunshine hours, temperature, relative humidity and length of the drought period-result in cycle-to-cycle variability of crops production. The uncontrollable natures of climate factors are changing over time affecting agricultural, economic, social and environmental sustainability of a country.
The global effect of climate change on agricultural production is small to moderate, where regional impacts are significant for many areas, because regional variations in gains and losses result in a slight overall change in world cereal grain productivity. The impacts of climate change on agricultural production vary from economic conditions of country to country, region to region and time to time.
The effect on agricultural crops in Malaysia is heavily influenced by the variations of climate factors. This study focuses on the micro level data with the aggregate data of Malaysia to compare the impacts of climate change on paddy production. This paper also provides policy recommendations and action plans to adapt and to cope properly with climate change.
LITERATURE REVIEW
National Academy of Science (2001) found trends of increasing average temperature and more volatile rainfall patterns. A recent IPCC report in 2007 further showed scientific evidence that the world's climate systems are changing faster than predicted, that would lead to raising the likelihood of more rapid and damaging changes. It also mentioned that human actions cause 90-95% likelihood of modern climate changes.
According to the Third Assessment Report of IPCC (2001) , if the levels of emissions are not reduced, the global average temperature will increase by 1.4°C to 5.8°C between 1990 and 2100. Another projection said an increase in the average global temperature of 2.4°C between 1990 and 2100, with a 95% chance that the change will be between 1.0°C and 4.9°C (Webster et al., 2002) . Other studies have estimated that the average global temperature is likely to rise by between 0.3°C and 1.3°C during the next 30 years (Zwiers, 2002) .
About 60% of the world and 90% for sub-Saharan African staple food production are under direct rainfed agriculture (Savenije, 2001; Hatibu, 2002) . However, in sub-Saharan Africa, most of the crop failures are due to deficit in soil moisture (Hatibu and Mahoo, 2000) caused by dry spells. Around 80% of the world's agricultural land is rainfed which contributes to at least two-thirds of global food production. In spite of the higher risks in rainfed agriculture, especially in drought-prone areas, there is no alternative but most of the food comes from rainfed agriculture (Falkenmark et al., 2001) . On the other side, rainfall plays a destructive role for agriculture. Heavy rainfall at the end of the crop cycle causes damages to crops and financial losses to the farmers. Excessive rainfall also causes flood that causes huge damages to crops and land fertility.
The IPCC mentioned Africa as one of the most vulnerable continents to climate change (Boko et al., 2007) . Very few parts of Africa will benefit from a rising temperature, unlike some parts of the northern hemisphere (Canada, Japan, Russia). The UN Framework Convention on Climate Change (UNFCCC) identifies a list of 49 Least Developed Countries (LDCs), which are at high risk from climate change, where 33 are located in Africa. A study analyzed that due to climate change, Southern Africa will lose more than 30% of its main crop, maize, by 2030 and Asia, especially South Asia and South East Asia will lose top 10% of many regional staples, such as rice, millet and maize (Lobell et al., 2008) .
Some studies addressed climate change impacts on rice yields, which vary greatly, in South and Southeast Asia based on climate scenario, geographic scope and study types (Matthews et al., 1994a, b) . In the case of China where large changes have been predicted, but due to diversification of cropping systems, to a certain extent, warming would be beneficial with yield increasing. In the case of Japan, the positive effect of CO2 on rice yields is generally more to offset the negative effects of climatic change (Grasty, 1999) .
Under current climate change scenario, temperatures above 25°C may decline grain mass of 4.4% per 1°C rise (Tashiro and Wardlaw, 1989) and grain yield may decline as much as 9.6%-10.0% per 1°C rise (Baker and Allen, 1993) , where average temperature in rice growing areas in Malaysia is about 26°C. Singh et al. (1996) mentioned that the actual farm yields of rice in Malaysia vary from 3-5 tons per hectare, where potential yield is 7.2 tons. It also mentioned a decline of rice yield between 4.6-6.1% per 1°C temperature increase under the present CO 2 level, but a doubling of CO 2 concentration (from present level 340 ppm to 680 ppm) may offset the detrimental effect of 4°C temperature increase on rice production in Malaysia.
Various previous studies have also contributed to predict and measure the changes in agriculture due to climate change in Malaysia based on macro studies (Ali and Ali, 2009; Alam et al., 2011a, b; Tilman et al., 2002; Socolow, 1999; Alexandratoss, 1999; Reilly, 1999; Schimmelpfenning, 1996; Singh et al., 1996; Penning de Vries, 1993) . Here, this study is based on the micro data to find out the more rigorous impacts of climate change on paddy production in Malaysia.
RESEARCH METHODOLOGY
This study uses the data set from Integrated Agricultural Development Area (IADA), West Selangor, Malaysia. IADA in West Selangor consists of eight areas-Sawah Sempadan, Sg. Burong, Sekinchan, Sg. Leman, Pasir Panjang, Sg. Nipah, Panchang Bedena, Bagan Terap-where it measures the value of the variable for each area separately. This study uses the average value of all eight areas. Among the eight areas paddy production season differs month to month so that while calculating temperature and rainfall for the 1 st season, this study uses the average of first half of the year data (Jan-Jun) and for the 2 nd season the average of second half of the year data (Jul-Dec). For the rainfall data, it uses the average of "total monthly rainfall mm" data and for temperature it uses average of "average monthly temperature °C" data from 1992 to 2007 (Appendix).
To determine the relationship of the paddy production with the temperature and paddy production with rainfall, this study conducts multiple OLS (Ordinary Least Square) regression Eq. (1) 
Here, 
RESULTS ANALYSIS
Under the IADA, North West Selangor, total available land for paddy production is 18,934 ha. Though all the areas under IADA are geographically very close, the variation of rainfall is very high. Therefore, in a particular time, the rainfall is not the same, not even close, even for very short-distanced areas. When the value of all eight areas under IADA is calculated in one average term, it is found that the overall impacts decreased compared to the impacts of individual areas (Fig. 1) .
The study on West Selangor shows that rainfall and temperature have significant negative relationships with paddy yields. For all the cases, the value of R 2 indicates good fitness of the model. For the normal data set, the R 2 is 0.84 which means the independent variables explain 84% of the dependent variable and for the ln data set, the R 2 is 0.72 which means the independent variables explain 72% of the dependent variable. For both cases, the DW value is under the inconclusive 0.16* 6.65 0.00 *, ^, and ~ are significant at the 1, 5 and 10% significance level, respectively; ˁ Autocorrelation Test: At 5% significant Level DL = 1.11 and DU = 1.82 for n = 32 and k = 5; All DW stat values are under inconclusive zone zone. As the autocorrelation decision is not conclusive, based on very low significance value of the F statistics, the validity of the models is accepted. Although the normal data do not show any significant relationship between rainfall and paddy yield, the ln value shows significant relationship at very low significance level (3%). The elastically value shows that a 1% increase of rainfall leads to a 0.12% decrease in paddy yield. Moreover, at 1% significance level, there is significant negative relationship between paddy yield and rainfall of previous season with the ln data set. The elasticity value shows that a 1% increase in rainfall will lead to 0.21% decrease in paddy yield in the following season (Table 1 and 2).
The temperature shows significant negative relationship with paddy yield both in the normal data set and ln data set. At 4% significant level, the elasticity value shows that if temperature increases by 1%, the yield of paddy will decrease by 3.44%. Moreover, at 1% significance level, it shows temperature of previous season has a significant negative relationship with paddy yield in the following season with the normal data set. 1% increase in temperature will lead to 0.03% (The Elasticity is calculated as β 14 * Ẋ 2t-1 /Ῡ t ) decrease in paddy yield in the following season.
Technology plays a significant role in increasing paddy yield. At 1% significance level, both normal and ln data set show that technology has a significant positive relationship on paddy yield. The elasticity value shows that a 1% improvement of technology will lead to 0.16% increase of the paddy yield. Ali and Ali (2009) showed that there is a significant positive relationship for paddy production with rainfall and paddy production with temperature in Average 1984 Average -1993 Nahrim (2006) Malaysia, based on the national data from 1980 to 2008of Malaysia. However, based on the analysis of minimum and maximum yield of the last 28 years, they showed that the yield of paddy would decrease by 43 to 61% with a 1°C temperature and a 1 mm rainfall increase. Here, it is found that the aggregate data on overall Malaysia vary from micro cases of the core paddy production areas. Stern (2007) mentioned that most of the warming during the next 30 years will be due to emissions that have already occurred. Over the longer term, the degree and pace of warming depends mainly on current and near future emissions. There is a more than 50% chance that in the longer term the temperature rise would exceed 5°C. Due to the climate change impacts, the amount of 5% of the global GDP, which regionally goes up to even 20%, is expected to suffer annual loss in the future.
DISCUSSION
In Malaysia, the most challenging issue is the current activities that lead to rapid climate change. According to the United Nations Development Report, carbon dioxide emissions in Malaysia increased by 221% during the period of 1990 to 2004, which is included in the list of 30 biggest greenhouse gas emitters. Curb Global Warming (2007) also mentioned that rapid growth in emissions has occurred even though Malaysia ratified the Kyoto Protocol and has taken several initiatives to use renewable energy as well as ways to cut emissions. Currently, Malaysia ranks as the 26 th largest greenhouse gas emitter in the world with a population of about 27 million and it appears likely to move up the list quickly due to the growth rate of emissions.
Due to high greenhouse gas emissions, the temperature is projected to rise by 0.3°C to 4.5°C in Malaysia. Warmer temperature will cause a rise in the sea level by about 95 cm over a hundred year period. The changes in rainfall may fluctuate from about -30 to +30%. This change will reduce crop yield and be prone to drought in many areas so that cultivation of some crops such as rubber, oil palm and cocoa will not be possible (Ramadasan et al., 2001) .
Based on the ongoing activities that strongly influence the climate factors in Malaysia, the projection (Table 3 ) of rainfall and temperature shows a very alarming situation in the future. The projection also shows that by 2050, a maximum monthly precipitation will increase up to 51% over Pahang, Kelantan and Terengganu, while minimum precipitation will decrease between 32 to 61% for all over Peninsular Malaysia. Consequently, annual rainfall will increase up to 10% in Kelantan, Terengganu, Pahang and North West Coast and decrease to 5% in Selangor and Johor (NAHRIM, 2006) . As the current situation of rainfall and temperature is unsuitable for agriculture, any variation of these factors will cause the total agricultural system to be vulnerable in Malaysia.
RECOMMENDATIONS AND POLICY OPTIONS
As climate change is a continuous and long term process, its effects and solution are similarly time consuming and a painstaking process. It is widely accepted that strict mitigation efforts will not be sufficient to avoid significant impacts of climate change (IPCC, 2007) . It is therefore important to balance between measures against the causes of climate change and measures to cope with its adverse effects (Stern, 2007; Pielke et al., 2007) .
In the current world, as climate factors are exogenous and uncontrollable factors, only adaptation with the changing nature of climate is the way to cope with the problem (Alam et al., 2010 (Alam et al., , 2012c . Agricultural adaptation options can be grouped as technological developments, government programs, farm production practices and farm financial management (Smit and Skinner, 2002) .
Technological adaptation is most important to deal with the problem in the long run. Rockstrom et al. (2007) said that there is a large yield gap in rainfed agriculture, especially in Asia and Africa, where most of the world's poor live. Here, agricultural policies and investments need to be more strategic. To remedy the problem, improvement of technology needs to reach such a level to control the climate factors. Based on the high uncertainty of such technological advancement in the short period, adaptation related technology is more important for short term solution, such as, developing a resource management based technique: protect crops from excessive rainfall, solve water login problems etc., crop development: varieties of crops, rainfall tolerant plants etc., crop cycle change: shifting the timing of crop cycles, reducing the timing of crop cycles etc.
Government needs to carefully define its subsidy supports and incentive programs to influence farm-level production practices and financial management. Further, it needs to define and ensure the compensation and insurance facility for the affected groups-individual farmer or farm. In the planning processes, it needs to account that stakeholders may not be sufficiently informed about their needs and possible strategies (Eisenack and Kropp, 2006; Eisenack et al., 2007) ; farm level future uncertainties and developments may hinder the process and implementation of adaptation policies (Behringer et al., 2000; Brown et al., 2007) and it will deal with different conflicting interest groups.
The production practices of farms and individual farmers need to be updated with the changes of climate factors. They should understand the crop rotation, crop portfolio and crop substitutions. They should also take all precautions and be aware about the uncertainty of low rainfall and heavy rainfall. They must be careful to arrange proper water management, both in terms of irrigation facilities and quick water logout facilities. They also need to understand proper timing and move quickly with the warning or sign of rainfall. Moreover, the financial management of farms and farmers also need to be secured for a minimum of two seasons so that if crops are damaged in one season, they will have the seeds for the next season, will be able to bear the cost of another crop production and able to survive financially up to the collection period of new crops. For that reason, they should take initiatives for crop sharing, forward rating, hedging and insurance etc. (Alam et al., 2012 a, b) .
Mitigation or adaptation of climate change is an issue that concerns all sectors and levels of political, administrative, economic and everyday life. To better cope with these problems, cooperation is necessary across countries, sectors and administrative levels. Relevant actors are needed to be aware of the benefits of cooperation to gain long-term benefits instead of focusing only on short-term and individual interest.
CONCLUSION
This study found that the impacts of climate change on paddy production vary by using micro data of the core paddy production areas and aggregate data on overall Malaysia. The data on core paddy production area should provide a more accurate scenario rather than using macro data. Therefore, when making policies related to paddy, policy makers need to be more concerned about the data of the production area rather than the aggregate data. This study found that both temperature and rainfall have significant negative impacts on paddy production. A 1% increase in temperature will lead to 3.44% decrease in current paddy yield and 0.03% decrease in paddy yield in the following season. A 1% increase in temperature will lead to 0.12% decrease in current paddy yield and 0.21% decrease of paddy yield in the following season.
Based on increasing carbon dioxide emissions in Malaysia, different projections show a more volatile pattern of rainfall and increasing temperature in the future. Different studies have already mentioned that actual farm yields of rice in Malaysia is currently far below the potential yield. This gap will increase further in the future, based on the projected change of climate factors, which ultimately shows the unsustainable nature of Malaysian agriculture.
Adaptation is very essential for long run agricultural sustainability and relevant human livelihood sustainability in Malaysia. Adaptation approach should be followed in farms or at an individual farmer level and policy level. Technological advancement will play the most crucial role to solve the problem in the long run. Technology shows a significant positive relationship with paddy production. 1% improvement of technology will lead to 0.16% increase of the paddy yield. Thus, technology needs to develop to solve the problem such as controlling the pattern of rainfall, sunshine, or to improve shielding resources such as, protecting crops from excessive rainfall, solving water login problems, or to develop defensive approaches such as varieties of crops development, rainfall and temperature tolerant plants, or to find alternative approaches such as changing crop cycles and reducing the timing of crop cycles. Government also needs to make proper subsidy policies and ensure financial sustainability for the farmers and farms. Overall, co-operation among different groups, stakeholders and agencies is very important to cope better with the changing nature of climate factors. 
